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COMPLETE SPECIFICATION 

Improvements in or relating to Sintered Electric Resistance 
Heating Elements 


We, Aktiesolaget Kanthal, a Swedish 
Company, of Hallstahammar, Sweden, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us and 

5 the method by which it is to be performed, 
to be particularly described in and by the ' 
following statement: — 

The present invention relates to sintered 
materials and products thereof, and more speci- 

10 fically it has for its object to provide a sin- 
tered material of high mechanical strength 
which' is oxidation-resistant at high tempera- 
tures and has favourable electrical charac- 
teristics making the material particularly 

15 adapted for use in electric resistance heating 
elements to -be operated in non-inert atmos- 
pheres and at high temperature. 

A resistance heating element according to 
the invention consists — in its high temperature 

20 part, at least — of a sintered body which is 
composed of a metallicly conductive alloy 
component containing at least molybdenum, 
silicon and aluminium, and, optionally, of a 
comminuted ceramic component. A charac- 

25 teristic feature of the metallic component re- 
sides in that its composition should always 
satisfy the basic formula (Mo,_..-M y ) 
(Sij.-.Alv) , where M represents one or more 
of the metals Ti, Zr. Hf, Ta, Nb, V, W and 

30 Cr, and where x may range from 0.1 to 0.6 
and the upper limit of y may range up to 
0.7 and in that its crystal structure is of the 
type C 40. As will be more closely described 
below, the upper limit of y may be different 

35 for different metals M. For the system of lat- 
tice notations used in this specification see for 
example textbook entitled " Refractory Hard 
Metals" 1953, issued by Ki-efer and 
Schwartzkopf. 

40 It is a well known fact that silicon-contain- 
ing protective coatings or skins on molyb- 
denum silicide surfaces will be improved if 

[Price 4s. 6d.] 


aluminium is also included in the coating. Such 
improvement is considered to result from the 
feature that the oxide coating forming in 45 
atmospheric air at high temperature "would 
not consist of silicon dioxide only, but also 
of an aluminium silicate, such as mullite, for 
example, which is assumed to possess more ad- 
vantageous characteristics. 50 

Pure MoSi 2 crystallizes according to the 
tetragonal lattice type C 11, whereas the metal- 
lic material according to the present inven- 
tion crystallizes according to the hexagonal lat- 
tice type C 40. The lattice constants of the 55 
C 40 phase within the scope of the invention 
vary according to the composition. For y=0 
the following ranges of values of the lattice 
constants, a and c were obtained: — 

a : 4.65 to 4.76 kx 60 

c: 6.53 to 6.57 kx 
in which kx is a unit corresponding to 10" 7 
millimeters. 

The substitution of Al for Si in the formula 
Mo(Si,-. : Al. : ).. will thus cause the lattice to 65 
expand due to the fact that the aluminium 
atom is larger than the silicon atom. Simi- 
larly 3 the substitution of M for M.o will cause 
lattice expansion if M is W, Ta, Nb, Ti, 
Zr or Hf, and lattice contraction if M. is 70 
Cr or V. 

It has now been found, quite surprisingly, 
that said metallic material of the C 40-lattioe 
type possesses electrical characteristics which 
are more advantageous than those of MoSi 2 75 
and further has good oxidation resistance 
and mechanical strength provided the C 40 
phase is the single component that possesses 
metallic electrical conductivity. 

The invention will be more closely des- 80 
cribed with reference to the accompanying 
drawings, given by way of example, in which 
Figs. 1 to 10 are diagrams. 

Fig. 1 of the accompanying drawings shows 
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how the resistivity r varies as a function of 
the temperature t° C. for Mo Si. having C 11 
structure (curve A) and for an alloy accord- 
in" to the present invention (curve B) having 
5 C = 40- structure and the composition : 
Mo(Si„ ,A1 0 .)j. In both cases the specimens 
were poreless and consisted exclu- 
sively of crystals of C 11 and C 40- 
type respectively. For MoSu the resistivity 
10 increases within the range 20° C. to 160* C. 
from 0.23 to 3.2 ohm mm'/ra., i.e. by 14UU' A „ 
whereas the alloy according to the present 
invention exhibits an increase from 1.2 to 
5 ohm mrm/m, i.e. by 3.15% only. It is 
15 of "rear importance in practice to be able, by 
a comparatively slight change in the chemical 
composition of molybdenum disilicids, to ob- 
tain a product of the C 40 crystal type having 
a resistivity which, at all practical tempera- 
20 tore, is at least four times as high as that 
of pure MoSk This has made it possiole for 
th= first time, without the aid of any oxide 
additions, to produce resistance elements on 
a molybdenum silicide basis and in which 
05 th~ heating zone and the cool terminal end 
portions are of identical, or nearly identical, 
cro^s-sectional areas. As a matter of fact, 
if the terminal end portions consist of pure 
MoSi. the cooling effect caused thereby will 
30 be sufficient to make unnecessary any imprac- 
tical and costly enlargement of cross-sectional 
area of the terminal end portions of the ele- 
ment. The specific resistance r as a function 
of temperature for such a combination of crys- 
35 -a Is of C 40-type and an oxide component is 
shown in Fig. 1, curve C. The _ lowered 
th-nnal coefficient of electrical resistivity 01 
th- resistor of C 40 alloy type is, of course, 
another advantage of great practical and eco- 
ao nomical importance, particularly in connec- 
tion with large furnace plants. 

A further advantage of elements according 
to the invention resides in that their mech- 
anical strength is higher than that of elements 
45 of MoSi.. which fact, of course, is of great 
importance where inherently brittle materials 
are concerned. The strength characteristics 
of the material can be further improved by the 
us" of suitable binders, such as binders con- 
50 taining at most 40% by weight of SiO* and 
a balance of substantially AUX in a highly 
comminuted condition, and .preferably m glass- 
form, i.e. any type of glass or enamel having 
in addition to SiO s , an amount of ALO. as a 
55 constituent. 

Contrary to previous statements, we have 
found that the oxide coating which forms on 
th- surface of Mo— Si— Al— alloys of the kind 
described will not show as satisfactory char- 
60 acteristics as does the pure quartz glass form- 
ino- on molybdenum disilicide. Therefore, ac- 
cordino- to the present invention, it is con- 
templated to add a small portion of boron 
in one form or another which will impart to 
65 the protective coating a more glass-like struc- 


ture and more favourable characteristics than 
those obtaining for the mullite-containing 
glaze forming on the resistance elements in the 
absence of boron. Such boron may be added 
to the alloy proper, or it may be included by 
adding borides, borates or boric acid in the 
powder-metallurgical process of producing the 
material. Since the amount of boron thus 
added should be small, at most 0.3% by 
weight of the sintered body, it has not been 
possible to state just in which form the boron 
is contained in the final product. Thus it is 
conceivable that the composition of the C 40 
phase, MoCSij-xAU: may have been slightly 
modified by a slight amount of silicon or alu- 
minium having b:en replaced by boron. 

The composition of Mo — Si — Al alloys 
contained in resistance elements according 
to the invention will appear from Fig. 2 of 
the accompanying drawings showing a tri- 
angular graph plotting the percentage weights 
of molybdenum, silicon and aluminium con- 
tained in the material. For the purpose of 
comparison, this graph also includes the com- 
positions of previously known alloys contain- 
in 0 - molybdenum, silicon and aluminium. The 
hexagon A — E — C — D — E — F represents the 
area covered by alloys previously known and 
constituted bv 20 to S0% Mo, 0 to 30% Al 
and 10 to 70% Si. The triangle G— H— I 
represents the area covered by the British 
Patent Specification No. 731,616 which has 
the same origin but differs from the U.S.A. 
Patent Specification No. 2,831,-242 to Kieffer 
et al. This U.S.A. specification cavers elec- 
tric resistance materials produced by sintering 
60 to 70 parts by -weight of molybdenum apd 
silicon in proportions corresponding stoichio- 
metrkally to MoSi«, and 10 to 30 parts by 
weight of molybdenum and aluminium in pro- 
portions corresponding to MoAl,. The possible 
range of variation of the composition of the 
silicide-aluminide component according; to 
Kieffer is represented in the graph of Fig. 2 
by the line N— O, forming part of the line 
K M, where K corresponds to the composi- 
tion MoSi. and M corresponds to the com- 
position MoAl s . On the other hand, alloys 
containing Mo, Si and Al in accordance with 
the present invention are to have a composi- 
tion corresponding to the line K-— L, i.e. cor- 
responding to the formula Mo(Sii_ r Al s )j. 

It has been noticed, as a result of experiments 
carried out in connection with the present 
invention, that upon sintering mixtures of 
molybdenum, aluminium and silicon in pro- 
portions corresponding to points along the line 
K — M, a mixture of several phases are ob- 
tained,' including, inter alia, a molybdenum- 
silicide-aluminide of a basic composition cor- 
responding to MoCSU-sAl,). and which crys- 
tallizes according to the C 40-lattice type. 
For example, for an alloy located at point 
N one constituent was found to be a com- 
.position corresponding to a value of x— 0.2 
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in the above formula. It is self-evident, how- 
ever, that aluminium or substances rich, in 
aluminium must be present besides the C 40 
- lattice type since the total content of (Ai+Si) 
5 is larger than that corresponding to the formula 
Mo(Sii_ s Al. : ) a . If a material of the above- 
stated composition is to.be used for electric 
resistance elements to be operated in an 
oxidizing atmosphere at high temperature, the 
10 presence of such less oxidation-resistant alu- 
minium-containing impurities will involve a 
degradation of the overall characteristics of 
the alloys produced. 

Also compositions located along the line 
15 K — L, i.e. between the points of MoSL and 
MoAL., have be:n investigated in connection 
with the present invention. Such investigation 
has shown that sintering of molybdenum, sili- 
con and aluminium in these proportions ac 
20 1300 : ' in hydrogen will not create a pure 
C 40 structure but rather a mixture of C 40 
with other phases, inter alia Mo.Si,. Also 
such mixtures have been found to be less suit- 
able as electric resistance materials for high- 
25 temperature operation. It has g:ncrally been 
established by several tests run with mixtures 
of molybdenum, silicon and aluminium in 
quite different proportions, that it is very 
difficult to obtain a pure C 40-phase. Without 
W being restricted to our theory, we would inter- 
pret these test results by the assumption that 
an amount of aluminium in excess is able to 
enhance the formation of the desirable C 40- 
phase Mo(Si|_-.Al.i).- This excess of aluminium 
35 should be of a size such as to cause the com- 
position of the mixture to be located along the 
line O — H in Fig. 2. The C 40-phase thus 
obtained may have the non-desired aluminium 
in excess removed from it by leaching with 
40 an acid and the rest consisting of pure C 40- 
phase may or may not be mixed with a binder 
and thereafter sintered in a conventional man- 
ner into resistance elements. If the aluminium 
content of the acid-leached pure C 40-alloy 
45 should still be too high it may be " diluted " 
before the sintering step by adding pure 
MoSi-j to the mixture. Thereby the value of x 
in the formula Mo(Si._ r .Alv) ; can be reduced 
from the range 0.3 — 0.6 to the range 0.1 — 
50 0.3. In Fig. 2 different values of x have 
been inserted at points Pi to P, ; , the point 
P( representing x=0.1, P- : representing x= 
0.2, up to P,. representing x=0.6. 

According to a specific embodiment of the 
55 present invention it has been found, quite sur- 
prisingly that an addition of moderate amounts 
of one or -more of the remaining transition ele- 
ments of Groups IV, V and VI of the periodic 
table may overcome the above-mentioned diffi- 
60 culties, thus making it possible by direct sin- 
tering of the initial material in comminuted 
form without acid-leaching to produce a pure 
C 40-phase which is excellently suited as an 
electric resistance material for high tempera- 
65 ture operation in air. It has been found by 


X-ray crystallographical examination that the 
metals (M) added will partially replace the 
molybdenum in the composition Mo(Si,_ Alj);, 
i.e. according to the formula : (Mo, M) (Si, 
Al),-. It has been found particularly advantage- 70 
ous to add metals of the kind forming disili- 
cides which crystallize according to the G 40- 
Jattice type, i.e. Cr, Ta, Nb and V. Never- 
theless it is possible, however to obtain the 
corresponding effr,t by an addition of other 75 
metals the disilicides of which do not crystal- 
lize according to the C 40-lattice type, for 
instance W, Zr, Hf and Ti. An addition of 
TiSio to pure MoSij, as previously known, 
will give rise to a C 40-phase, and therefore 80 
Ti is used in alloys according to the present 
invention. One such alloy which may be used 
to advantage has the following composition: — 

(Mo„. 7 Ti„. 3 ) {Si^AI.,..). 
The addition of the metal (M) should be 85 
adapted to the results desired and also depends 
on the value of x. It has been found as a 
result of practical experiments that a stable, 
pure C 40-structure will be obtained if up 
to 70 atom percents of the molybdenum con- 90 
rained is replaced by another metal, where the 
upper limit depends on the kind of metal 
added. 

It should be mentioned that in Specification 
No. 791,323 we state that a product of the 95 
reaction between 40% of TaSi L . and 60% of 
MoSi-j will yield a pure C 40-phase of the 
composition (Mo, Ta)Si-. Practical experi- 
ments have shown, however, that this pro- 
duct exhibits insufficient resistance to thermal 100 
shocks which makes the same unusable for 
electric resistance heating elements which are 
subjected to violent temperature changes. The 
material of the present invention distinguishes 
from this material, as well as from other mixed 105 
disilicides of the C 40-type, in that it has 
been found to be well adapted for operation 
at 1700° C. in air and to withstand stresses 
of any kind encountered under operating con- 
ditions. In addition, the material exhibits the 1 10 
low thermal coefficient of electrical resistivity 
characteristic of certain C 40-structures. Thus 
alloys according to this aspect of the inven- 
tion should include products of the com- 
position {Moi_-M-> (Si ; _ x Al x >j, where x 115 
ranges from 0.1 to 0.6, M may be any one 
of the elements Ti, Zr, Hf, V, Ta, Nb, W 
and Cr, arid y ranges from zero to 0.70. 

A resistance element according to the in- 
vention preferably comprises an incandescent 120 
or heating zone and two terminal end portions, 
the silicide component of said incandescent 
zone being constituted by an alloy according 
to the present invention, whereas that of the 
terminal end portions preferably consists of 125 
pure MoSi ; . Both the incandescent zone and 
the terminal end portions may optionally in- 
clude 50% by volume, at most, of a commi- 
nuted ceramic component, preferably a glass 
containing SiOj. Falling within the scope 130 
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of the invention are also resistance elements 
produced by so-called flame spraying, or spray 
metallization, for example, and in which the 
incandescent zone is formed by a layer having 
5 a thickness of 10 to 500 microns and applied 
on to an insulating refractory base member: 

Elements according to the present inven- 
tion may be produced in several different ways, 
as will appear from the following examples : — 

10 Example 1. 

A pulverulent mixture of by weight 6% 
Ta 60% Mo, 26% Si and 8% Al is heated 
in hydrogen at 1300° C. As a result of an 
exothermic reaction a spongy product will 
15 form and -by X-ray analysis is was round to 
consist exclusively of a C 40-alloy having the 
composition: (Mo 0 . nri Ta 0 0 ,.,) (Si n - rc Al„.-,)^. 

The alloy is ground in a ball mill into a 
"rain~siz<> less than 10 microns and is mixed 
20 with 5% by weight of plasticized bentonite 
in a vacuum kneader. The mass is extruded 
into a round wire 7 mm in diameter which 
is dried and subjected to pre-sintenng in hyd- 
rogen ."as at a temperature between SCO and 
25 1400° °C. Final sintering then takes place 
durin°- 2 minutes by passing electric current 
directly through the wire in air at 1^00 to 
1700° C The terminal end portions are pro- 
duced in a similar manner and are of sub- 
30 s tantially the same cross-sectional areas as the 
incandescent zone, but in this case, besides ben- 
tonite, a powder exclusively of molybdenum 
disilicide is used. After face grinding the ends 
of th» incandescent zone and terminal end 
35 pieces these are sintered together by electric 
butt welding. Subsequently the terminal end 
portions of the resistance element formed are 
equipped with terminal contacts, for instance 
of aLuminium, which do not require additional 
40 cooling owing to the great difference in resis- 
tivity as between the two alloys of the termi- 
nal end portions and the incandescent zone 
resoeouvely. If the length of the incandescent 
zon» is 500 mm and that of each terminal end 
45 portion is 250 mm, the total weight of the 
element will only be 162 g. On the other 
hand, if the incandescent zone as well as the 
terminal portions were based on MoSi, instead 
of the silicide alloy, it would have been 
50 necessary to produce terminal end portions 
havin°- a cross-sectional area four times as 
large would be have resulted in a total weight 
of^lO g. for the resistance element. 

Example 2. 

55 According to a specific embodiment of Ex- 
ample 1 it is suitable to add to the expanded 
b°ntonite a solution containing bone acid 
amounting to 0.01% by weight of the powder 
mixture. This will involve the favourable re- 

60 suit that, in the step of sintering the incandes- 
cent zone, the ceramic component and the 
protective surface layer obtaining due to oxi- 
dation, will contain, in addition to SiO. and 


Al.O,, also small amounts of B-0 3 which will 
result in an advantageous increase in mechani- 65 
cal strength of the resistance element. 

Example 3. 
A powder mixture of by weight 
53% Mo, 18% Si and 29% Al 
(point R in Fig. 2), i.e. in pro- /0 
portions corresponding to one part by weight 
cf MoSi. and one part by weight of MoAI,,, 
is reacted in hydrogen at about 1300° C. and 
is then crushed into a particle size less than 
50 microns. The powder is leached for 5 '5 
minutes with cold diluted (1 : 10) hydrochloric 
acid, dissolving substantially aluminium. On 
X-ray analysis the remainder was found to 
be a material of the C 40-lattice type corres- 
ponding approximately to the formula: ou 
MorSi 0 -Al„ ',).. After the leaching step one 
part by weight of the powder is mixed with 
two parts by weight of a powder of MoSij 
and is ground in a ball mill until 90% there- 
of have a grain size less than 6 microns. Then oj 
the mixture is shaped and sintered in the 
same way as according to Example 1. A 
chemical and X-ray analysis of the alloy of the 
final product shows that it will crystallize com- 
pletely according to the C 40-lattice type and ™ 
has the composition by weight: 63% Mo, 
30% Si and 7%. Al corresponding to 
Mo(Si„. 5 M„,^ (point P, in Fig. 2). It will be 
possible to carry out leaching even if up to 
70 atom percent of the Mo has been replaced « 
by the metals M. 

Example 4. 
\ pulverulent mixture of by weight 10.5% 
Ti* 49.0% Mo, 8% Al and 32.5% Si was 
heated in hydrogen gas at 1300° C. The 100 
product of the reaction was treated as in Ex- 
ample 1 and resulted in a resistance element 
in which the alloy of the incandescent heating 
zone had the composition (Mo„. 7 Ti 0 . : ,) 


<Si 0 . 6 Al,„), 105 
Example 5. 
The pulverulent mixture had the composi- 
tion by weight: 6% Ta, 60% Mo, 25.7% 
Si, 8% Al and 0.3% B. Resistance elements 
were produced as in Example 1. A slight 110 
amount of boron is oxidized in the final sin- 
tering of the incandescent zone and is in- 
cluded both in the ceramic component and in 
the protective surface layer. 

Example 6. H5 
A sillimanite rod ¥' in diameter was coated 
by flame spray metallization with a layer 
50 microns in thickness and of the composition 
(Mo„.„;Ti 0 .„ r ,) (Sv. 7 Al„ 3 );. The terminal end 
portions of the element were of the _ identical 12u 
composition but with a surface coating thick- 
ness of 200 microns. The spray metallization 
was carried out with a conventional spray gun 
and using a wire containing 15% polythene, 
4% aluminium powder and 81% molyb- 125 
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denum silicide powder of a grain size less 
than 6 microns. 

In respect of a silico-aluminide of Mo having 
C 40 structure and having aluminium substi- 
5 tuted for 20 atoms of silicon (x=0.2, y= 

0. 05) the variation of its specific resistance 
measured in ohms/m mm'-' as a function of 
the temperature r C. may be seen from Fig. 

1, curve B, relating to this alloy in a poreless 
10 and oxideless state. 

In Fig. 3 the resistivity obtained at room 
temperature in a scries of tests of sintered 
bodies have been recalculated to the hypo- 
thetical resistivity of a porel-ess, oxideless alloy, 

15 which constitutes that component of the sin- 
tered body which powsses electrical conduc- 
tivity of metallic character. These values have 
then been plotted as a function of the alu- 
minium content of the alloy in % by weight. 

20 The specific electric re-istanc; of the alloy 
at 20'' C. rises then from about 0.25 for 
Mo Si- to about 1.4 at a content of IS'':'. 
Al (x=0.43). It decreases then towards 1.0 
at 20% Al fx = 0.54). Within the range of 8 

25 to 20% Al (x=0.21 to 0.54} it is considered 
that the alloy consists of crystals of the pure 
C 40-type. 

In Fig. 4 the specific resistance at 20"' C. 
is plotted as a function of the Al-contsm of 
30 a sintered body which, in addition to the alloy 
i\lo(Sii-r.Alv) L ., contains by weight 19.2% 
aluminium oxide (tonerde) and 0.8% Fa. As 
the specific resistance at 20'""' increases with 
increasing aluminium content it holds true 
35 that, in respect of the temperature coefficient 
of the resistance counted as the ratio or 
quotient of die resistance at 1600 ' C. divided 
by the resistance at 20' : C. this coefficient 
will, on the contrary, fali rapidly according to 
40 Fig. 5 which illustrates the fact how the tem- 
perature coefficient depends on the content 
of aluminium in sintered bodies which, in 
addition to the alloy, include 19.2%, alumina 
clay (tonerde) and 0.S% Fe in a very finely 
45 divided condition. At higher content of alu- 
minium it is apparently possible to rely there- 
on that the temperature co-efficient defined 
as above is only 2 which thus means a sharp 
reduction of the value obtained at a normal 
50 MoSL body having a coefficient of about 12. 
It should, however, be pointed out that the 
dependency of the resistance on the tempera- 
ture at varying aluminium contents affords an 
irregularity in the range of 8 to 12% Al as 
55 illustrated in Figs. 4 and 5. For the time being 
no explanation could be given to this irregu- 
larity but reference is made to the fact 
that a similar irregularity also occurs in X-ray 
crystallographical examinations of structures. 
60 Above it has been pointed out that in X- 
ray crystallographical examinations of the 
hexagonal lattice it has been found that the 
lattice constants are altered when aluminium is 
substituted for silicon. The extreme values for 
65 the a-axis were determined to be 4.65 to 4.36 


and for the c-axis 6.53 to 6.57 kx. A close 
examination of the variation of the axes de- 
pending on the quantity of added aluminium 
indicated that the a-axis is increased rather 
regularly from a minimum value of 4.63 70 
to a maximum value of 4.75 kx when the 
aluminium content was increased from 6 to 
20%,. On the other hand, the c-axis follows 
a queer course which, for the rest, also varies 
with the performance of die sintering process 75 
and the composition of the oxide component. 
Thus in one case it was observed that the c- 
axis at 6% aluminium content was 6.65 kx 
and that it decreased to 6.53 kx when the alu- 
minium content was raised to 10% and then 80 
again started to rise to a maximum of 6.60 
at about 15%. Al and then again started to 
fall down to reach the value 6.57 at 2C%, Al. 
At another composition of the oxide compon- 
ent the c-axis was found to be nearly con- 85 
stain as 6.54 kx at additions of from 6 to 
16'% Al whereas this axis then started to rise 
up to 6.57 kx at 20%. Al. Also in this case 
it has not been possible to give any strict 
explanation of die irregularity but it has prob- 90 
ably something to do with the fluctuations of 
the temperature coefficients of the electrical 
resistance. 

Experiments carried out with a view to 
manufacture dense sintered bodies based on 95 
the above defined alloy have proved that the 
ceramic binding means should not contain 
a too high content of SiO... Probably this is 
related with the fact that the aluminium 
atoms in the silicide component are able at 100 
a high temperature to react with the silica of 
die binding means while forming aluminium 
oxide and silicon. In trials in practice it has 
also been found that the aluminium content of 
the silicide component is decreased if such 105 
sintered bodies are heat treated. 

On the other hand, trials have been made to 
use aluminium oxide as binding means and it 

has then been proved that it is suitable to 

use slurries of particularly finely divided -/- 110 
ALO,, for instance of the type used for polish- 
ing purposes and called "tonerde ". 

To facilitate the sintering to produce a low 
porosity it is suitable to let about 20% of 
the weight of the material be constituted by 115 
this tonerde as binding means, partly replaced 
by bentonite as the case may be. Trials have 
been made to mix tonerde with bentonite and 
it has then been found suitable to use the same 
quantity tonerde as bentonite. Apparently the 120 
ceramic component will then contain a com- 
paratively low concentration of Si0 2 and any 
detrimental reaction with the aluminium of the 
silicide component could not be noticed. In 
heat treating such sintered bodies in a technic- 125 
ally pure protecting atmosphere of a moderate 
temperature a small quantity SiO. is formed 
as in case of sintering MoSi-. and the oxide 
component will then generally contain a small 
quantity of SiOj even if this was not added 130 
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from the beginning as binding means. The 
final composition of the oxide component may 
thus be from zero to 40% by weight SiO. 
and the balance A1,0 3 together with, other 
oxides, preferably of the type having a higher 
heat of formation than AlO,. The reaction 
between binding means having a high content 
of Si0 2 and the aluminium content of the sili- 
cide component may also appear from Fig. 10 
in which the content of crystals of C 40- type 
of the alloy is plotted as a function of the 
quantity of added aluminium in the silicide 
component in respect of three different sin- 
tered bodies. In the curve A there are used 
20% bentonite as binding means, in curve 
B 5% bentonite and 15% tonerde and in 
curve C 20% tonerde. When bentonite alone 
is used as binding means about 20% alu- 
minium is Tequired to form solely crystals of 
C 40-tyDe whereas in the two remaining cases 
it is indicated that only 10% Al is necessary 
to form the C 40-type. In both these cases 
the quantity, of SiO. in the binding means has 
been insufficient to remove any larger quan- 
tity of Al from the silicide component. 

It may be assumed that the ratio between 
the A1A, and SiO* contents obtained in the 
oxide formed at a light oxidation of C 40 pow- 
der should be about that ratio that gives a 
chemical balance between the silicide and the 
oxide component. In this way the correct com- 
position of the ceramic component could be 
foreseen. 

Such a test has been carried out on a 
powder having 15% Al according to formula 
Mo <SiO„ oAJ,,..,}. and an analysis of the oxide 
component gave 30% SiO. 60% A1.0 3 and 
a balance, probably substantially Mo0 3 and 
smaller quantities of other oxides. At a lower 
Si content in the alloy the SiO_. content of 
the -oxide component may rise up to 40%. 

Molybdenum silicide containing aluminium 
is considerably snore difficult to sinter to a 
poreless product than, for instance, pure 
MoSi- If a powder of, for instance, pure 
MoSi* having an average grain size of 43 
microns is sintered 30' minutes at 1500° _ in 
hydrogen gas, there is obtained a shrinking 
of 12% by volume. If instead a molybdenum 
silicide powder is used containing 6% Al the 
corresponding shrinking will be only 1%. 
At higher Al contents the sintering will be 
somewhat improved, for instance, at 16% 
alurninium, 64-% shrinking. In both these cases 
10% tonerde was used as binding means. 

Of instead bentonite is used the result 
will be slightly better but still a high tem- 
perature and -a long sintering time are required 
to obtain a product with low porosity and 
mechanical strength. It has now been found 
that an addition of small quantities of ferrous 
sulfide to the tonerde will facilitate the sin- 
tering to a high degree. If the added quantity 
of ferrous sulfide is 0.5% of the weight of 
the sintered body the shrinking at a content of 


6% Al will be 5% and at 16?;, Al 11%. If 
the addition of ferrous sulfide is only 0.05% 
still a considerable improvement is obtained, 
for instance, at 6% Al the shinking will be 
2.5% and at 16% Al 10%. In comparison 
with a material composed of MoSi- plus_ ben- 
tonite, however, a considerably higher sinter- 
ing temperature and a longer sintering time 
will be required in the cited examples. This 
is indicated, inter alia, thereby that a sinter- 
ing at 1400° C. produces a shrinking in respect 
of°MoSij plus bentonite of 9% but only 2.5% 
in respect of the aluminium containing pro- 
duct. At 1500° C. the corresponding values 
are 10% and 5.5%. 

Also other additions have an advantageous 
influence on the porosity, such as small addi- 
tions of iron, nickel, cobalt or their oxides, 
sodium fluoride and magnesium fluoride. 

In practical efforts to extrude and sinter 
resistance elements containing the new alu- 
minium containing alloy, it has been found 
that a sintering in air is difficult to carry 
out and requires a careful preceding heat treat- 
ment of the material for a sufficient time in 
hydrogen gas. Th; final sintering temperature 
must be kept higher than in respect of MoSi-. 
and it should be above 1600', preferably 1700' 
C. To avoid an unsuitable oxidation the heat- 
ing up to the sintering temperature should 
be" made very quickly, preferably on a time 
less than 30 seconds. It has been possible 
to weld a piece of an alloy of C 40-type onto 
a piece of an ordinary alloy of C 11-type the 
bending strength of the welded joint being 
then 16 kgs/mnf. 

In the manufacture' of resistance elements 
having terminals of MoSi-. and an incandes- 
cent zone of an aluminium containing silicide 
the composition of the latter silicide should 
preferably be 12% Al, 24.5% Si and 63.5% 
Mo (x=0.33) being intermixed with 8% 
tonerde and 7% bentonite as binding means. 
Such elements may be used continuously at 
the same temperatures as the elements of pure 
MoSi. plus bentonite, i.e. up to 1700° C. 

The pure C 40-phase in the system M.c — 
Si— Al, interbonded or not by means of an 
oxide component, complies thus in an excel- 
lent way with the requirements on an elec- 
trical resistance element for high tempera- 
tures. A condition is, of course, that beyond its 
oxide component this element only contains 
metallicly conducting particles of pure C 40- 
phase. 

Below three examples of test series of alloys 
are cited. In each case the alloys have been 
produced as follows. The entering metals are 
mixed in correct proportions and heated in 
hydrogen gas until a complete reaction has 
taken °place. The reaction product is crushed 
and then milled during 120 hours in a ball 
mill so that an average grain size of about 3 
to 7 microns is obtained. The powder is inter- 
mixed with tonerde and, as the case may be, 
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bentonite and water, kneaded in vacuum, ex- 
truded, dried and sintered, at first to 14C0" C. 
in hydrogen gas and then to 170Q~ J C. in 
air. 

5 Figs. 6 and 7 indicate variations in two 
important -properties of two scries of materials 
in which, on the one hand, Zr and, cn the 
other hand, Ta is substituted for a fraction 
of the Mo content. In Fig. 6 the ordinate is 

10 for tensile strength and in Fig. 7 for percent- 
age by volume porosity. 

Example 7. 
In respect of Zr it was ascertained through 
X-ray crystallographical examination that 

15 other phases than C 40 begun to occur when 
y in the formula Mo : . ; Zr..j (Si„., ; Al : ,..).. ex- 
ceeded a value of 0.2. Of Fig. 6 it appears 
now clearly the advantage of the addition of 
the alloy substance Zr when a higher mech- 

20 anical strength is required and also the disad- 
vantage of exceeding the limit of solubility 
which limit in the case of Zr is at y=0.2. 
When passing this point there will be a sud- 
den decrease in the mecha.nical strength. An- 

25 other important property in connection with 
oxidation proof resistance material is its com- 
pactness or degree of porosity both from the 
point of view of mechanical strength and 
from the point of view of the resistance against 

30 oxidation attacks because a porous body has a 
greater surface exposed to oxidation than a 
poreless body and this porous body must 
necessarily be aged much quicker than the 
poreless body. According to Fig. 7 the addi- 

35 tion of Zr has a very favourable influence 
on the compactness up to the limit of solubility 
at y=0.2 whereupon an increased addition of 
Zr results in a pronounced increase in porosity. 

Example 8. 

40 According to this example Ta was added 
according to the formula (Mo,_..Ta v ) 
(Al„.,Si„.o)-i and through X-ray crystallo- 
graphical examination it was ascertained that 
other phases than C 40 started to appear when 

45 y in the formula exceeded 0.7. In Fig. 6 it 
is shown how the tensile strength increases 
with an increased Ta content up to y=0.7 
and then again decreases. Fig. 7 indicates that 
the Ta-addition has no appreciable influence 

50 on the porosity of the material until the limit 
of solubility at y=0.7 is passed when the 
porosity will rise very steeply. 

Example 9. 
Finally the corresponding two properties 

55 are illustrated in Figs. 8 and 9 in respect 
of a mixture of Mo(Si„. c Al„ .,)., and 
Mo r Al 0 B ; in which the solubility of boron in 
Mo(Si„.,-.Al n .j); is very low, i.e. corresponding 
only to a few % by weight of Mo,Al 0 B 7 or 

60 a few tenths % by weight of B. Also from 
these figures it will be quite clear that the 
properties deteriorate when the two phases 


are mixed. Any larger amounts of boron should 
accordingly be avoided. In Fig. 8 the ordinate 
is for tensile strength and in Fig. 9 for per- 65 
centage by volume porosity. 
. It was also ascertained by ageing tests that 
in all three Examples 7 to 9, the resistivity 
against oxidation attacks of the pure C 40- 
phase was satisfactory and that as soon as 70 
there was a pure C 40-phase the ratio between 
its specific resistances at 1600° C. and 20° C. 
was between 1 and 6 which makes the material 
quite suitable as electric resistance material. 

In our Patent Specification No. 899,464 75 
we have claimed a thermo-couple which is 
suitable for use ar elevated temperatures in 
oxidizing atmospheres, having at least one leg 
which comprises a thermo-electric molyb- 
denum disilicide alloy having the crystal struc- 80 
ture C 40 (CrSL-type) in which 20 — 60 per- 
cent of the silicon atoms have been substituted 
by aluminium atoms. The said specification 
also claims a thermo-couple as set forth above, 
in which the thermo-electric alloy is of the 85 
composition (Mo,-;,M y ) (Sii_ :c ALX., wherein M 
is one or more of the metals Ti, Zr, Hf, Mb, 
Ta, V, W, Cr, x is between 0.2 and 0.6 and y 
is between 0 and 0.5. The said specification 
also states that the thermocouple may also be 90 
used as a heating resistor for producing high 
temperatures, serving as a thermo-couple for 
short periods when thermo-voltage is measured 
and serving as an electrical heating resistor 
for the remaining periods. No claim is made 9r 
in the present specification for a thermo-couple 
a s claimed in Specification No. 899,464. 

Subject to the foregoing disclaimer, what we 
claim is: — 

1. An electric resistance heating element 100 
which consists, at least in a high temperature 
part thereof, of a sintered body having metal- 
licly conducting particles therein constituted 

by silico-aluminide forming a pure phase with 
crystals of the lattice structure C 40 and of 105 
the general composition Mo, M (Sii-vA!*)*, in 
which x ranges from 0.1 to 0.6 and M is 
one or more metals selected from the group 
consisting of titanium, zirconium, hafnium, 
tantalum, niobium, vanadium, chromium and 110 
tungsten, the quantities of the M-metals being 
proportioned according to the formula 
Mo!_ y M y ) (Si^Al.-J. in which ranges from 
zero to a value being at most 0.7. 

2. A heating element as claimed in Claim 115 

1, in which said sintered body, besides the 
metallicly conducting particles, consists of a 
ceramic component constituting from traces 
to 50% by volume of the solid part of the 
sintered body. 120 

3. A heating element as claimed in Claim 

2, in which said ceramic component contains 
from traces to 40% by weight of SiCK in the 
form of glass, tire balance of said component 
being substantially alumina. 125 

4. A heating element as claimed in Claim 
2 or 3, in which the ceramic component is 
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made from an addition of alumina clay con- 
stituting from zero to 20% by weight of the 
sintered body and of bentonite constituting 
the balance to 20%. 
5 5. A heating element as claimed in any 
preceding claim, in which the M-metal is Zr 
and y at most 0.2. 

6. A heating element as claimed in any 
one of Claims 1 to 4, in which the M-metal 

10 is Ta and y at most 0.7. 

7. A heating element as claimed in Claim 
6, in which y=0.05 and x=0.2. 

' 8. A heating element as claimed in any- 
one of Claims 1 to 4, in which the M-metal 
15 is titanium, y=0.3 and x=0.2. 

9. A heating element as claimed in any 
preceding claim, in which said sintered body 
contains boron substances the quantity of 
boron itself being at most 0.3% by weight 

20 of the sintered body. 

10. A heating element as claimed in any 
preceding claim, in which said_ sintered body 
is constituted by a surface coating of a thick- 
ness of 10 to 500 microns and applied onto 


an electrically insulating refractory base mem- 25 
ber, preferably by employing flame spray 
metallization techniques. 

11. A heating element as claimed in any 
preceding claim, comprising- an incandescent 
heating zone and two terminal end portions, 30 
and characterized in that the metallicly con- 
ducting component of the incandescent zone is 

of a composition as stated in Claims 1 to 9, 
whereas in the terminal end portions the 
metallicly conducting component consists of 35 
tetragonal molybdenum disilicide, the incan- 
descent zone and terminal end portions being 
of substantially the same cross-sectional areas. 

12. Sintered electric resistance heating ele- 
ments when produced substantially as des- 40 
cribad in any one of Examples 1 to 6 here- 
in. 

For the Applicants, 
F. J. CLEVELAND & COMPANY, 
Chartered Patent Agents, 
29, Southampton Buildings, Chancery Lane, 
London, W.C.2. 
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